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(54) Protection circuit and battery unit 

(57) A protection circuit is used for a battery unit (1 ) 
which has a plurality of cell parts (E1, E2) coupled in 
parallel, and first and second power supplying terminals 
(9, 10), where each of the cell parts (E1, E2) includes a 
plurality of battery cells (E1 1 , E21 , E31 ; E12, E22, E32) 
coupled in series, and first and second terminals 
respectively coupled to the first and second power sup- 
plying terminals (9, 10). The protection circuit includes a 
plurality of switching elements (5 through 8, 7-1, 8-1) 
making an electrical connection to the first terminal of a 
corresponding one of the cell parts and the first power 
supplying terminal (9), and disconnecting the electrical 
connection in response to an active signal, and a volt- 
age monitoring circuit (2, 2-1, 2-2, 2-3. 2-10) outputting 
the active signal to the switching elements when a volt- 
age of at least one battery cell within one cell part (E1, 
E2) fails outside a predetermined range, independently 
with respect to each of the cell parts. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention generally relates to protec- 
tion circuits and battery units, and more particularly to a 
protection circuit and a battery unit which prevent 
excessive discharge and excessive charging of a bat- 
tery. 

Recently, in portable electronic equipments typified 
by notebook type personal computers (or lap-top com- 
puters) and the like, lithium ion (Li + ) batteries or the like 
are replacing nickel cadmium (NiCd) batteries, nickel 
metal hydrogen (NiMH) batteries and the like. Com- 
pared to the NiCd battery, the NiMH battery and the like, 
the Li + battery is lighter and has a greater capacity per 
unit volume. Accordingly, the Li + battery is suited for use 
in equipments which must satisfy demands such as light 
weight and continuous use for a long period of time. 

In the battery unit which is used in the portable 
electronic equipment or the like, a plurality of battery 
cells are connected in series due to an output voltage 
that can be output from a single battery cell. A maxi- 
mum number of battery cells that can be connected in 
series within the battery unit is determined by the rela- 
tionship of an output voltage of the battery unit and a 
power supply voltage that is supplied from the outside 
when charging the battery unit For example, the output 
voltage of one NiCd battery cell or a NiMH battery cell is 
1.2 V, and the power supply voltage that is supplied 
when charging the battery unit is approximately 1 .7 V. 
When a withstand voltage of parts of a power supply 
system of the general portable electronic equipment or 
the like, an input voltage of an A.C. adapter and the like 
are taken into consideration, the battery unit is most 
conveniently used when the output voltage of the bat- 
tery unit is approximately 16.0 V, and in the case where 
the NiCd battery cells or the NiMH battery cells are 
used, the maximum number of battery cells that can be 
connected in series within the battery unit is nine. On 
the other hand, the output voltage of a single li + battery 
cell is approximately 4.2 V at the maximum. Accord- 
ingly, the maximum number of Li + battery cells that can 
be connect d in series within the battery unit is approx- 
imately three. 

Unlike the NiCd battery unit or the NiMH battery 
unit, the Li + battery unit is provided with a protection 
function against short-circuits outside the Li + battery 
unit and short-circuits within the Li + battery unit. 
Because the capacity of the Li + battery unit per unit vol- 
ume is large, energy is discharged within a short time if 
the output of the Li + battery unit is short-circuited for 
some reason or a short-circuit occurs within the Li + bat- 
tery unit for some reason, and in such cases, there is a 
possibility of the Li + battery unit becoming deteriorated 
or the serviceable life of the Li + battery unit becoming 
shortened. Hence, the protection function is provided 
for this reason. Accordingly, even if a short-circuit 



occurs outside or inside the Li + battery unit, an exces- 
sive discharge current or an excessive charging current 
is cut off by a fuse or the like when the charging current 
or the discharge current becomes greater than a prede- 

5 termined value, thereby preventing deterioration of the 
Li + battery unit and securing the serviceable life of the 
Li + battery unit. 

On the other hand, the capacity of each battery cell 
within the battery unit is determined by a basic capacity 

10 which is based on the size of the battery unit. Hence, in 
order to increase the capacity of the battery unit, it 
becomes necessary to connect a plurality of battery 
cells in parallel, and to connect such parallel connec- 
tions in series. 

15 FIG.1 is a circuit diagram showing an example of a 
conventional battery unit, and FIG.2 is a circuit diagram 
showing the construction of a voltage monitoring circuit 
within the battery unit shown in FIG.1 . 

In FIG.1, a battery unit 100 generally includes bat- 
so tery cells E11, E12, E21, E22, E31 and E32, a voltage 
monitoring circuit 101 , a fuse 102, P-channel field effect 
transistors (FETs) 103 and 104, and power supply ter- 
minals 105 and 106 which are connected as shown. 
The battery cells E1 1 and E12 are connected in parallel, 

25 the battery cells E21 and E22 are connected in parallel, 
and the battery cells E31 and E32 are connected in par- 
allel. In addition, the parallel connection of the battery 
cells E1 1 and E12, the parallel connection of the battery 
cells E21 and E22, and the parallel connection of the 

30 battery cells E31 and E32 are connected in series. 

The voltage monitoring circuit 101 monitors the 
voltages of the parallel connection of the battery cells 
E1 1 and E12, the parallel connection of the battery cells 
E21 and E22, and the parallel connection of the battery 

35 cells E31 and E32, and detects an excessive discharge 
state in the discharging state of the battery unit 100 if 
the voltage of one of the parallel connections of the bat- 
tery cells becomes less than a predetermined value. 
When the excessive discharge state is detected, the 

40 voltage monitoring circuit 101 turns OFF the FET 103 
so as to cut off the discharge current from the battery 
unit 100 and to prevent the excessive discharge. On the 
other hand, the voltage monitoring circuit 101 monitors 
the voltages of the parallel connection of the battery 

45 cells E1 1 and E12, the parallel connection of the battery 
cells E21 and E22, and the parallel connection of the 
battery cells E31 and E32, and detects an excessive 
charging state in the charging state of the battery unit 
100 if the voltage of one of the parallel connections of 

so the battery cells becomes greater than a predetermined 
value. When the excessive charging state is detected, 
the voltage monitoring circuit 101 turns OFF the FET 
104 so as to cut off the charging current to the battery 
unit 100 and to prevent the excessive charging. 

55 The fuse 102 melts and breaks the connection 
when a current greater than a predetermined value 
flows through the fuse, so as to cut off the current flow. 
As a result, even if the operation of cutting off the exces- 
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sive current by the voltage monitoring circuit 101 does 
not function correctly or the operation of cutting off the 
excessive current does not function correctly due to a 
failure such as short-circuiting of the FETs 103 and 104 
themselves, the fuse 102 melts and breaks the connec- 
tion to provide a double protection circuit. 

The voltage monitoring circuit 101 includes compa- 
rator circuits 1 1 1 through 113 and 121 through 123, and 
logical sum (OR) circuits 114 and 124 which are con- 
nected as shown in FIG.2. In FIG.2, e1 and e2 respec- 
tively denote reference voltages indicating an excessive 
discharge limit voltage and an excessive charging limit 
voltage of the battery cells E1 1 through E32. 

Generally, the conventional battery unit is made up 
of a single battery unit or a plurality of battery cells con- 
nected in series, and for this reason, no special consid- 
eration is given with respect to a case where the battery 
cells are connected in parallel. However, as the number 
of battery cells provided within the battery unit 
increases, although the possibility of a short-circuit 
occurring within the battery unit due to an abnormality 
generated in a battery cell is extremely small, the possi- 
bility is not zero. For this reason, when a plurality of bat- 
tery cells are connected in parallel and such parallel 
connections are connected in series within the battery 
unit in order to increase the capacity of the battery unit, 
a current which flows through the battery cell in which 
the abnormality is generated becomes an integral multi- 
ple of that during a normal state, where the integral mul- 
tiple corresponds to the number of battery cells 
connected in parallel within the parallel connection. As a 
result, there was a problem in that considerable deterio- 
ration and considerable shortening of the serviceable 
life occurs when the above described abnormality 
occurs in the Li + battery unit having such parallel con- 
nections. 

For example, in the case of the battery unit 100 
shown in FIGS.1 and 2, if an internal short-circuiting 
occurs in the battery cell E11 which is connected in par- 
allel with the battery cell E1 1 , the energy stored in the 
batter cell E11 is consumed instantaneously, and the 
current from the other battery cell E12 which is con- 
nected in parallel with the battery cell E1 1 also flows to 
the battery cell E1 1. In other words, a current which is 
an integral multiple (in this case, two times) of that dur- 
ing the normal state is instantaneously consumed by 
the batter cell E1 1 , and there is a possibility that the bat- 
tery unit 100 as a whole will deteriorate and the service- 
able life of the battery unit 100 will become shortened. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a novel and useful protection circuit 
and battery unit, in which the problems described above 
are eliminated. 

Another and more specific object of the present 
invention is to provide a protection unit and a battery 
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unit which can positively prevent deterioration and 
shortening of the serviceable life of the battery unit even 
if a short-circuit occurs within the battery unit, so that 
the reliability of the battery unit is improved. 

5 Still another object of the present invention is to 
provide a protection circuit for use with a battery unit 
which has a plurality of cell parts coupled in parallel, 
and first and second power supplying terminals, each of 
the ceil parts including a plurality of battery cells cou- 

w pled in series, and first and second terminals respec- 
. tiveiy coupled to the first and second power supplying 
terminals, which protection circuit comprises a plurality 
of switching elements making an electrical connection 
to the first terminal of a corresponding one of the cell 

is parts and the first power supplying terminal, and discon- 
necting the electrical connection in response to an 
active signal, and a voltage monitoring circuit outputting 
the active signal to the switching elements when a volt- 
age of at least one battery cell within one cell part falls 

20 outside a predetermined range, independently with 
respect to each of the cell parts. According to the pro- 
tection circuit of the present invention, it is possible to 
prevent deterioration of the battery unit and to prevent 
the serviceable life of the battery unit from becoming 

25 short, even if a short-circuit occurs outside or inside the 
battery unit. 

A further object of the present invention is provide a 
battery unit comprising a plurality of cell parts coupled 
in parallel, each having first and second terminals and a 

30 plurality of battery cells which are coupled in series, a 
first power supplying terminal coupled to the first termi- 
nal of each of the cell parts, a second power supplying 
terminal coupled to the second terminal of each of the 
cell parts, a plurality of switching elements making an 

35 electrical connection to the first terminal of a corre- 
sponding one of the cell parts and the first power sup- 
plying terminal, and disconnecting the electrical 
connection in response to an active signal, and a volt- 
age monitoring circuit outputting the active signal to the 

40 switching elements when a voltage of at least one bat- 
tery cell within one cell part falls outside a predeter- 
mined range, independently with respect to each of the 
cell parts. According to the battery unit of the present 
invention, it is possible to prevent deterioration of the 

45 battery unit and to prevent the serviceable life of the bat- 
tery unit from becoming short, even if a short-circuit 
occurs outside or inside the battery unit. 

Other objects and further features of the present 
invention will be apparent from the following detailed 

so description when read in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 FIG.1 is a circuit diagram showing an example of a 
conventional battery unit; 

FIG.2 is a circuit diagram showing the construction 
of a voltage monitoring circuit within the battery unit 
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shown in FIG.1; 

FIG.3 is a circuit diagram showing the construction 
of a battery unit according to the present invention; 
FIG.4 is a circuit diagram showing a part of a first 
embodiment of the battery unit according to the 
present invention; 

FIG.5 is a circuit diagram showing a part of the first 
embodiment of the battery unit according to the 
present invention; 

FIG.6 is a circuit diagram showing a second 
embodiment of the battery unit according to the 
present invention; 

FIG.7 is a circuit diagram showing a third embodi- 
ment of the battery unit according to the present 
invention; 

FIG.8 is a circuit diagram showing a fourth embodi- 
ment of the battery unit according to the present 
invention; 

FIG.9 is a circuit diagram showing a voltage moni- 
toring circuit of the fourth embodiment; 
FIG. 10 is a circuit diagram showing a fifth embodi- 
ment of the battery unit according to the present 
invention; 

FIG.1 1 is a perspective view showing the external 
appearance of the batter unit according to the 
present invention; 

FIG. 12 is a perspective view showing the battery 
unit in a stage where a cover is removed; and 
FIG. 1 3 is a perspective view showing the batter unit 
in a state where a substrate is removed. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIG.3 is a circuit diagram for explaining a protection 
circuit according to the present invention and a battery 
unit according to the present invention. 

In the protection circuit according to the present 
invention, a plurality of cell parts E1 and E2 are con- 
nected in parallel, where each cell part is made up of a 
plurality of battery cells connected in series. The cell 
part E1 is made up of battery cells E11, E21 and E31 
which are connected in series, and the cell part E2 is 
made up of battery cells E12, E22 and E32 which are 
connected in series. With respect to a battery unit 1 
having first and second power supplying terminals 9 
and 10 which are connected to 1irst and second termi- 
nals of each of the cell parts E1 and E2, the protection 
circuit is provided with a plurality of switching elements 
5 through 8 and a voltage monitoring circuit 2. The 
switching elements 5 and 6 electrically couple the first 
terminal of the cell part E1 to the first power supplying 
terminal 9, and the switching elements 7 and 8 electri- 
cally couple the first terminal of the cell part E2 to the 
first power supplying terminal 9. The switching elements 
5 through 8 disconnect the electrical coupling in 
response to an active signal. The voltage monitoring cir- 
cuit 2 outputs an active signal to the corresponding 



switching elements when the voltage of at least one bat- 
tery cell within the cell part falls outside a predetermined 
range, independently with respect to the cell parts E1 
and E2. 

5 On the other hand, the battery unit 1 according to 
the present invention includes the plurality of cell parts 
E1 and E2 which are connected in parallel, the first and 
second power supplying terminals 9 and 10, the switch- 
ing elements 5 through 8, and the voltage monitoring 

10 circuit 2 are provided as shown in FIG.3. Each of the cell 
parts E1 and E2 has the first and second terminals. The 
cell part E1 includes the plurality of battery cells E11, 
E21 and E31 which are connected in series, and the cell 
part E2 includes the plurality of battery cells E12, E22 

is and E32 which are connected in series. The first power 
supplying terminal 9 is coupled to the first terminals of 
each of the cell parts E1 and E2, and the second power 
supplying terminal 10 is coupled to the second termi- 
nals of each of the cell parts E1 and E2. The switching 

20 elements 5 and 6 electrically couple the first terminal of 
the cell part E1 to the first power supplying terminal 9. 
and the switching elements 7 and 8 electrically couple 
the first terminal of the cell part E2 to the first power 
supplying terminal 9. The switching elements 5 through 

25 8 disconnect the electrical coupling in response to an 
active signal. The voltage monitoring circuit 2 outputs 
an active signal to the corresponding switching ele- 
ments when the voltage of at least one battery cell 
within the cell part falls outside a predetermined range, 

30 independently with respect to the cell parts E1 and E2. 
Therefore, even if a short-circuit occurs outside or 
inside the battery unit 1, it is possible to positively pre- 
vent deterioration and shortening of the serviceable life 
of the battery cells E11 through E32 within the battery 

35 unit 1 , thereby improving the reliability of the battery unit 
1. 

FIGS.4 and 5 are circuit diagrams for explaining a 
first embodiment of the battery unit according to the 
present invention. This first embodiment of the battery 

40 unit employs a first embodiment of the protection circuit 
according to the present invention. FIG.4 shows the bat- 
tery unit together with an excessive discharge prevent- 
ing system of a voltage monitoring circuit, and FIG.5 
shows the battery unit together with an excessive 

45 charging preventing system of the voltage monitoring 
circuit. In FIGS.4 and 5, those parts which are the same 
as those corresponding parts in FIG.3 are designated 
by the same reference numerals. 

In FIGS.4 and 5, a battery unit 1 generally includes 

so Li + battery cells E11, E12, E21, E22, E31 and E32, a 
voltage monitoring circuit 2, fuses 3 and 4, P-channel 
FETs 5 through 8, and power supplying terminals 9 and 
10 which are connected as shown. The battery cells 
El 1, E21 and E31 are connected in series to form a 

55 series connection, and this series connection has one 
end coupled to the power supplying terminal 9 via the 
fuse 3 and the FETs 5 and 6, and another end coupled 
to the power supplying terminal 10. The battery cells 



BNSDOCID: <EP 088021 4 A2J_> 



EP0880 214A2 



8 



E12, E22 and E32 are connected in series to form a 
series connection, and this series connection has one 
end coupled to the power supplying terminal 9 via the 
fuse 4 and the FETs 7 and 8, and another end coupled 
to the power supplying terminal 10. 5 

The voltage monitoring circuit 2 monitors the volt- 
ages of the battery cells Ell, E12. E21, E22, E31 and 
E32, and when the voltage of one of the battery cells 
becomes less than a predetermined value in the dis- 
charge state of the battery unit 1 , the voltage monitoring 10 
circuit 2 detects the excessive discharge state and turns 
OFF the FETs 5 and 7, so as to cut off the discharge 
current from the battery unit 1 and to prevent the exces- 
sive discharge. On the other hand, the voltage monitor- 
ing circuit 2 monitors the voltages of the battery cells 15 
E11, E12, E21, E22, E31 and E32, and when the volt- 
age of one of the battery cells becomes greater than a 
predetermined value in the charging state of the battery 
unit 1, the voltage monitoring circuit 2 detects the 
excessive charging state and turns OFF the FETs 6 and 20 
8, so as to cut off the charging current to the battery unit 
1 and to prevent the excessive charging. 

The fuses 3 and 4 melt and break the connection 
when a current greater than a predetermined value 
flows through these fuses 3 and 4, so as to cut off the 25 
current flow. Hence, even if the operation of cutting off 
the excessive current by the voltage monitoring circuit 2 
does not function correctly or the operation of cutting off 
the excessive current does not function correctly due to 
a failure such as short-circuiting of the FETs 5 and 8 30 
themselves, the fuses 3 and 4 melt and break the con- 
nection to provide a double protection circuit. 

In FIG.4, the excessive discharge preventing sys- 
tem of the voltage monitoring circuit 2 generally 
includes comparator circuits 21 through 26, and OR dr- 35 
cuits 27 through 29 which are connected as shown. A 
reference voltage e1 indicates the excessive discharge 
limit voltage of the battery cells E11 through E32. 
Accordingly, if the voltage of one of the battery cells 
E11, E21 and E31 becomes less than or equal to the 40 
reference voltage e1 , a high-level signal is applied to the 
FETs 5 and 7 via the OR circuits 27 and 29 to turn the 
FETs 5 and 7 OFF, so as to cut off the discharge current 
from the battery unit 1 and to prevent the excessive dis- 
charge. Similarly, if the voltage of one of the battery 45 
cells E12, E22 and E32 becomes less than or equal to 
the reference voltage el , a high-level signal is applied to 
the FETs 5 and 7 to turn the FETs 5 and 7 OFF, so as to 
cut off the discharge current from the battery unit 1 and 
to prevent the excessive discharge. 50 

On the other hand, if the voltages of each of the bat- 
tery cells E1 1 , E21 , E31 , El 2, E22 and E32 are greater 
than the reference voltage e1, a low-level signal is 
applied to the FETs 5 and 7 via the OR circuits 27, 28 
and 29 to turn the FETs 5 and 7 ON. Hence, the dis- ss 
charge current from the battery unit 1 flows to the power 
supplying terminals 9 and 10, and the discharge of the 
battery unit 1 is enabled. 



In FIG.5. the excessive charging preventing system 
of the voltage monitoring circuit 2 generally includes 
comparator circuits 31 through 36, and OR circuits 37 
through 39 which are connected as shown. A reference 
voltage e2 indicates an excessive charging limit voltage 
of the battery cells E1 1 through E32. Accordingly, if the 
voltage of one of the battery cells E11, E21 and E31 
becomes greater than or equal to the reference voltage 
e2, a high-level signal is applied to the FETs 6 and 8 via 
the OR circuits 37 and 39 to turn the FETs 6 and 8 OFF, 
so as to cut off the charging current to the battery unit 1 
and to prevent the excessive charging. Similarly, if the 
voltage of one of the battery cells E12, E22 and E32 
becomes greater than or equal to the reference voltage 
e2, a high-level signal is applied to the FETs 6 and 8 via 
the OR circuits 38 and 39 to turn the FETs 6 and 8 OFF, 
so as to cut off the charging current to the battery unit 1 
and to prevent the excessive charging. 

On the other hand, if the voltages of the battery 
cells E11, E21, E31, E12. E22 and E32 are less than 
the reference voltage e2, a low-level signal is applied to 
the FETs 6 and 8 via the OR circuits 37, 38 and 39 to 
turn the FETs 6 and 8 ON. Hence, the charging current 
to the battery unit 1 flows to the battery cells E1 1 , E21 , 
E31. E12, E22 and E32 via the power supplying termi- 
nals 9 and 10, and the charging of the battery unit 1 is 
enabled. 

Therefore, according to this embodiment, even if an 
arbitrary batter cell within the battery unit 1 is short- 
circuited for some reason, the voltage of this arbitrary 
batter cell will decrease to a voltage less than or equal 
to the excessive discharge voltage. In other words, in 
the case shown in FIG.4, out of the voltages of the bat- 
tery cells input to the comparator circuits 21 through 26, 
the voltage of the arbitrary battery cell becomes less 
than or equal to the reference voltage e1 , and the FETs 
5 and 7 are turned OFF in response to the high-level 
signal from the OR circuit 29, thereby preventing the 
excessive discharge from the battery unit 1 . As a result, 
although power consumption occurs within the arbitrary 
battery cell which is short-circuited, no current will flow 
to this arbitrary battery cell from the other battery cells. 

Next, a description will be given of a second 
embodiment of the battery unit according to the present 
invention, by referring to FIG.6. This second embodi- 
ment of the battery unit employs a second embodiment 
of the protection circuit according to the present inven- 
tion. In FIG.6, those parts which are the same as those 
corresponding parts in FIG.3 are designated by the 
same reference numerals, and a description thereof will 
be omitted. 

In FIG.6, each of voltage monitoring circuits 2-1 and 
2-2 has the same construction as the voltage monitoring 
circuit 101 shown in FIG.2. Hence, it is possible to form 
the protection circuit at a low cost by utilizing an existing 
voltage monitoring circuit. For example, the voltage 
monitoring circuits 2-1 and 2-2 are made up of an inte- 
grated circuit (IC) chip MM 1309 manufactured by Mit- 
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sumi Electric Co., Ltd. of Japan. An output of an OR 
circuit 124 within the voltage monitoring circuit 2-1 and 
an output of an OR circuit 124 within the voltage moni- 
toring circuit 2-2 are supplied to an OR circuit 41 , and 
the FETs 5 and 7 are controlled by an output of the OR 5 
circuit 41. In additions an output of an OR circuit 114 
within the voltage monitoring circuit 2-1 and an output of 
an OR circuit 114 within the voltage monitoring circuit 2- 
2 are supplied to an OR circuit 42, and FETs 6 and 8 are 
controlled by an output of the OR circuit 42. 70 

When the voltage of one of the battery cells El 1 , 
E21 and E31 becomes less than or equal to the refer- 
ence voltage e1 , a high-level signal is applied to the 
FETs 5 and 7 via the OR circuit 124 within the voltage 
monitoring circuit 2-1 and the OR circuit 41, thereby 15 
turning the FETs 5 and 7 OFF and preventing the 
excessive discharge by cutting off a discharge current 
from a battery unit 1 A. Similarly, when the voltage of 
one of the battery cells E1 2, E22 and E32 becomes less 
than or equal to the reference voltage el, a high-level 20 
signal is applied to the FETs 5 and 7 via the OR circuit 
1 24 within the voltage monitoring circuit 2-2 and the OR 
circuit 41 , thereby turning the FETs 5 and 7 OFF and 
preventing the excessive discharge by cutting off the 
discharge current from the battery unit 1 A. 25 

On the other hand, when the voltage of one of the 
battery cells Ell, E21, E31, E12, E22 and E32 
becomes greater than the reference voltage e1 , a low- 
level signal is applied to the FETs 5 and 7 via the OR cir- 
cuit 41, thereby turning the FETs 5 and 7 ON. As a 30 
result, the discharge current from the battery unit 1A 
flows to the power supplying terminals 9 and 1 0, and the 
discharge of the battery unit 1 A is enabled. 

In addition, when the voltage of one of the battery 
cells E1 1 , E21 and E31 becomes greater than or equal 35 
to the reference voltage e2, a hi-level signal is applied to 
the FETs 6 and 8 via the OR circuit 114 within the volt- 
age monitoring circuit 2-1 and the OR circuit 42, thereby 
turning the FETs 6 and 8 OFF and preventing the 
excessive charging by cutting off a charging current to 40 
the battery unit 1 A. Similarly, when the voltage of one of 
the battery cells E12, E22 and E32 becomes greater 
than or equal to the reference voltage e2, a high-level 
signal is applied to the FETs 6 and 8 via the OR circuit 
1 1 4 within the voltage monitoring circuit 2-2 and the OR 45 
circuit 42, thereby turning the FETs 6 and 8 OFF and 
preventing the excessive charging by cutting off the 
charging current to the battery unit 1 A. 

On the other hand, when the voltage of one of the 
battery cells E11, E21, E31, E12, E22 and E32 so 
becomes less than the reference voltage e2, a low-level 
signal is applied to the FETs 6 and 8 via the OR circuit 
42, thereby turning the FETs 6 and 8 ON. As a result, 
the charging current to the battery unit 1 A flows to the 
battery cells E1 1 , E21 , E31 , E12, E22 and E32 via the 55 
power supplying terminals 9 and 1 0, and the charging of 
the battery unit 1 A is enabled. 

Next, a description will be given of a third embodi- 



ment of the battery unit according to the present inven- 
tion, by referring to FIG.7. This third embodiment of the 
battery unit employs a third embodiment of the protec- 
tion circuit according to the present invention. In FIG.7, 
those parts which are the same as those corresponding 
parts in FIG.6 are designated by the same reference 
numerals, and a description thereof will be omitted. 

In FIG.7, battery cells E11, E21 and E31 are con- 
nected in series to form a series connection, battery 
cells E12, E22 and E32 are connected in series to form 
a series connection, and battery ceils E13, E23 and E33 
are connected in series to form a series connection. In 
addition, these series connections of the battery cells 
are connected in parallel between the power supplying 
terminals 9 and 10. 

Each of voltage monitoring circuits 2-1 , 2-2 and 2-3 
has the same construction as the voltage monitoring cir- 
cuit 101 shown in FIG. 1 . Hence, it is possible to form the 
protection circuit at a low cost by utilizing an existing 
voltage monitoring circuit. For example, the voltage 
monitoring circuits 2-1 , 2-2 and 2-3 are made up of an 
integrated circuit (IC) chip MM1309 manufactured by 
Mitsumi Electric Co., Ltd. of Japan. An output of an OR 
circuit 124 within the voltage monitoring circuit 2-1, an 
output of an OR circuit 1 24 within the voltage monitoring 
circuit 2-2 and an output of an OR circuit 124 within the 
voltage monitoring circuit 2-3 are supplied to an OR cir- 
cuit 41-1, and FETs 5, 7 and 7-1 are controlled by an 
output of this OR circuit 41-1 . In addition, an output of 
an OR circuit 1 1 4 within the voltage monitoring circuit 2- 
1 , an output of an OR circuit 1 1 4 within the voltage mon- 
itoring circuit 2-2 and an output of an OR circuit 114 
within the voltage monitoring circuit 2-3 are supplied to 
an OR circuit 42-1 , and FETs 6, 8 and 8-1 are controlled 
by an output of this OR circuit 42-1 . 

When the voltage of one of the battery cells El 1 . 
E21 and E31 becomes less than or equal to the refer- 
ence voltage e1, a high-level signal is applied to the 
FETs 5, 7 and 7-1 via the OR circuit 124 within the volt- 
age monitoring circuit 2-1 and the OR circuit 41-1, 
thereby turning the FETs 5, 7 and 7-1 OFF and prevent- 
ing the excessive discharge by cutting off a discharge 
current from a battery unit 1 B. Similarly, when the volt- 
age of one of the battery cells E12, E22 and E32 
becomes less than or equal to the reference voltage e1 , 
a high-level signal is applied to the FETs 5, 7 and 7-1 via 
the OR circuit 124 within the voltage monitoring circuit 
2-2 and the OR circuit 41 -1 , thereby turning the FETs 5, 
7 and 7-1 OFF and preventing the excessive discharge 
by cutting off the discharge current from the battery unit 
1 B. Further, when the voltage of one of the battery cells 
E13, E23 and E33 becomes less than or equal to the 
reference voltage el , a high-level signal is applied to the 
FETs 5, 7 and 7-1 via the OR circuit 124 within the volt- 
age monitoring circuit 2-3 and the OR circuit 41-1, 
thereby turning the FETs 5, 7 and 7-1 OFF and prevent- 
ing the excessive discharge by cutting off the discharge 
current from the battery unit 1 B. 
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On the other hand, when the voltage of one of the 
battery cells E11. E21, E31. E12, E22. E32. E13. E23 
and E33 becomes greater than the reference voltage 
e1 , a low-level signal is applied to the FETs 5, 7 and 7- 
1 via the OR circuit 41-1, thereby turning the FETs 5, 7 
and 7-1 ON. As a result, the discharge current from the 
battery unit 1 B flows to the power supplying terminals 9 
and 10, and the discharge of the battery unit 1B is ena- 
bled. 

When the voltage of one of the battery cells E1 1, 
E21 and E31 becomes greater than or equal to the ref- 
erence voltage e2, a high-level signal is applied to the 
FETs 6, 8 and 8-1 via the OR-circuit 1 14 of the voltage 
monitoring circuit 2-1 and the OR circuit 42-1, thereby 
turning the FETs 6, 8 and 8-1 OFF and preventing the 
excessive charging by cutting off a charging current to 
the battery unit 1B. Similarly, when the voltage of one of 
the battery ceils El 2, E22 and E32 becomes greater 
than or equal to the reference voltage e2, a high-level 
signal is applied to the FETs 6, 8 and 8-1 via the OR cir- 
cuit 1 1 4 of the voltage monitoring circuit 2-2 and the OR 
circuit 42-1 , thereby turning the FETs 6. 8 and 8-1 OFF 
and preventing the excessive charging by cutting off the 
charging current to the battery unit 1 B. Further, the volt- 
age of one of the battery cells E13, E23 and E33 
becomes greater than or equal to the reference voltage 
e2, a high-level signal is applied to the FETs 6, 8 and 8- 
1 via the OR circuit 1 14 of the voltage monitoring circuit 
2-3 and the OR circuit 42-1 . thereby turning the FETs 6, 
8 and 8-1 OFF and preventing the excessive charging 
by cutting off the charging current to the battery unit 1 B. 

On the other hand, when the voltage of one of the 
battery cells E11, E21, E31, E12, E22, E32, E13, E23 
and E33 becomes less than the reference voltage e2, a 
low-level signal is applied to the FETs 6, 8 and 8-1 via 
the OR circuit 42-1 , thereby turning the FETs 6, 8 and 8- 

1 ON. As a result, a charging current to the battery unit 
1B flows to the battery cells E11, E21, E31, E12, E22, 
E32, E13, E23 and E33 via the power supplying termi- 
nals 9 and 10, and the charging of the battery unit 1 B is 
enabled. 

Next, a description will be given of a fourth embod- 
iment of the battery unit according to the present inven- 
tion, by referring to FIG.8. This fourth embodiment of 
the battery unit employs a fourth embodiment of the 
protection circuit according to the present invention. In 
FIG.8, those parts which are the same as those corre- 
sponding parts in FIG.3 are designated by the same ref- 
erence numerals, and a description thereof will be 
omitted. 

In the first embodiment described above, the volt- 
ages of all of the battery cells provided within the battery 
unit 1 are monitored, and the voltage monitoring circuit 

2 used is capable of monitoring a number of voltages 
equal to the number of battery cells provided within the 
battery unit 1. In addition, in the second and third 
embodiments, the number of voltage monitoring circuits 
2-1, 2-2 and/or 2-3 used is the same as the number of 



battery cells connected in parallel within the corre- 
sponding battery units 1 A and 1 B. 

On the other hand, in this fourth embodiment, volt- 
ages are monitored by separating battery cells con- 

s nected in parallel within a battery unit 1C by high- 
resistance elements, so as to avoid a current loop from 
being generated among the battery cells which are con- 
nected in parallel. 

In FIG.8, a voltage monitoring circuit 2-10 has the 

10 same construction as the voltage monitoring circuit 101 
. shown in FIG.1 . Hence, it is possible to form the protec- 
tion circuit at a low cost by utilizing an existing voltage 
monitoring circuit. However, four stages of comparator 
circuits are provided in each of the excessive discharge 

15 preventing system and the excessive charging prevent- 
ing system. For example, the voltage monitoring circuit 
2-10 is made up of an integrated circuit (IC) chip 
MM1309 manufactured by Mitsumi Electric Co., Ltd. of 
Japan. 

20 FIG.9 is a circuit diagram showing the construction 
of the voltage monitoring circuit 2-10. The voltage mon- 
itoring circuit 2-10 includes comparator circuits 111 
through 1 13, 134, 121 through 123 and 144, and OR cir- 
cuits 1 14a and 124a which are connected as shown in 

25 FIG.9. One input of each of the comparator circuits 1 1 1 
and 121 is connected to nodes N1 and N2. One input of 
each of the comparator circuits 112 and 122 is con- 
nected to a node N3. One input of each of the compara- 
tor circuits 1 13 and 123 is connected to a node N4. One 

30 input of each of the comparator circuits 134 and 144 is 
connected to a node N5. The other input of each of the 
comparator circuits 134 and 144 is connected to a node 
N6 via corresponding reference voltages e2 and el . In 
addition, an output of the OR circuit 124a controls the 

35 FETs 5 and 7, and an output of the OR circuit 1 1 4a con- 
trols the FETs 6 and 8. 

The node N3 connects resistor elements R11 and 
R12. The resistor element R1 1 is connected to the bat- 
tery cell E12, and the resistor element R12 is connected 

40 to the battery cell E1 1 . The node N4 connects the resis- 
tor elements R21 and R22. The resistor element R21 is 
connected to a node connecting the battery cells E12 
and E22, and the resistor element R22 is connected to 
a node connecting the battery cells E1 1 and E21 . The 

45 node N5 connects resistor elements R31 and R32. The 
resistor element R31 is connected to a node connecting 
the battery cells E22 and E32, and the resistor element 
R32 is connected to a node connecting the battery cells 
E21 and E31. 

50 The resistor element R11 is provided to limit the 
current when monitoring the voltage of the battery cell 
E12, and the resistor element R12 is provided to limit 
the current when monitoring the voltage of the battery 
cell E1 1. Similarly, the resistor element R21 is provided 

55 to limit the current when monitoring the voltage of the 
battery cell E22, and the resistor element R22 is pro- 
vided to limit the current when monitoring the voltage of 
the battery cell E21. In addition, the resistor element 
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R31 is provided to limit the current when monitoring the 
voltage of the battery cell E32, and the resistor element 
R32 is provided to limit the current when monitoring the 
voltage of the battery cell E31 . 

Next, a description will be given of a fifth embodi- 
ment of the battery unit according to the present inven- 
tion, by referring to FIG. 10. This fifth embodiment of the 
battery unit employs a fifth embodiment of the protec- 
tion circuit according to the present invention. In FIG. 10, 
those parts which are the same as those corresponding 
parts in FIG.8 are designated by the same reference 
numerals, and a description thereof will be omitted. 

In this embodiment, voltages are monitored by sep- 
arating battery cells connected in parallel within a bat- 
tery unit 1 D by fuses, so as to avoid a current loop from 
being generated among the battery cells which are con- 
nected in parallel. More particularly, fuses F1 1 through 
F32 are provided in place of the resistor elements R1 1 
through R32 shown in FIG.8. 

In each of the embodiments described above, the 
Li + battery cells are provided within the battery unit. 
However, the battery cells of the battery unit are of 
course not limited to the Li + battery cells. 

FIG.11 is a perspective view showing the external 
appearance of the battery unit according to the present 
invention. For the sake of convenience, FIG.11 shows 
the first embodiment of the battery unit, that is, the bat- 
tery unit 1 . In FIG. 11 , the battery unit 1 is made up of a 
housing 300 with a terminal part 301 and a cover 302. 
The power supplying terminals 9 and 10 and the like are 
provided in the terminal part 301. The cover 302 
includes a window 302A through which the states of the 
fuses 3 and 4 and the like can be visually confirmed. 

FIG. 12 is a perspective view showing the battery 
unit 1 in a state where the cover 302 shown in FIG.1 1 is 
removed. In FIG. 12, an IC chip 304, a fuse part 306 and 
the like are provided on a substrate 303. The IC chip 
304, the fuse part 306 and the like are connected by wir- 
ing patterns (not shown). For example, the voltage mon- 
itoring circuit 2 is provided within the IC chip 304. In 
addition, the fuses 3 and 4 and the like are provided in 
the fuse part 306. 

FIG. 13 is a perspective view showing the battery 
unit 1 in a state where the substrate 303 shown in 
FIG.12 is removed. In FIG.13, six battery cells 307 cor- 
respond to the battery cells El 1 through E32 shown in 
FIGS.3 and 4. 

Of course, the shape of the battery unit is not lim- 
ited to that shown in FIGS. 11 through 13 described 
above. 

Further, the present invention is not limited to these 
embodiments, but various variations and modifications 
may be made without departing from the scope of the 
present invention. 

Claims 



has a plurality of cell parts coupled in parallel, and 
first and second power supplying terminals, each of 
the cell parts including a plurality of battery cells 
coupled in series, and first and second terminals 
5 respectively coupled to the first and second power 

supplying terminals, characterized in that said pro- 
tection circuit comprises: 

a plurality of switching elements (5-8, 7-1 , 8-1) 
io making an electrical connection to the first ter- 

minal of a corresponding one of the cell parts 
and the first power supplying terminal, and dis- 
connecting the electrical connection in 
response to an active signal; and 
a voltage monitoring circuit (2, 2-1, 2-2, 2-3, 2- 
10) outputting the active signal to said switch- 
ing elements when a voltage of at least one 
battery cell within one cell part falls outside a 
predetermined range, independently with 
respect to each of the cell parts. 

2. The protection circuit as claimed in claim 1 , charac- 
terized in that said voltage monitoring circuit (2) 
comprises: 

a plurality of circuits (21-26, 31-36), provided 
with respect to each of the cell parts, each out- 
putting a signal which becomes active with 
respect to each of the battery cells when a volt- 
age of the battery cell within each of the cell 
parts falls outside the predetermined range; 
and 

a logical sum circuit (27-29, 37-39) obtaining a 
logical sum of the signals output from the plu- 
rality of circuits with respect to corresponding 
battery cells and supplying the logical sum to 
corresponding ones of said switching ele- 
ments. 

40 3. The protection circuit as claimed in claim 1 , charac- 
terized in that said voltage monitoring circuit (2-10) 
comprises: 

first and second resistors (R1 1 , R21 , R31 ; R12, 
45 R22, R32) coupled in series and coupling ter- 

minals of corresponding battery cells among 
the ceil parts; and 

a circuit outputting an active signal to corre- 
sponding ones of said switching elements 
so when a voltage at a node between the first and 

second resistors falls outside the predeter- 
mined range. 

4. The protection circuit as claimed in claim 1 , charac- 
55 terized in that said voltage monitoring circuit (2-10) 
comprises: 



15 



20 



25 



30 



35 



1 . A protection circuit for use with a battery unit which 



first and second fuses (F11, F21, F31; F12, 
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F22, F32) coupled in series and coupling termi- 
nals of corresponding battery cells among the 
cell parts; and 

a circuit outputting an active signal to corre- 
sponding ones of said switching elements s 
when a voltage at a node between the first and 
second fuses falls outside the predetermined 

range. 

5. The protection circuit as claimed in any of claims 1 
to 4, characterized in that said predetermined range 
is set based on a tolerable range of at least one of 
discharge and charging of the battery cells. 



A2 16 

first and second resistors (R1 1 . R21, R31 ; R12, 
R22. R32) coupled in series and coupling ter- 
minals of corresponding battery cells among 
the cell parts; and 

a circuit outputting an active signal to corre- 
sponding ones of said switching elements 
when a voltage at a node between the first and 
second resistors fails outside the predeter- 
mined range. 

10 

9. The battery unit as claimed in claim 6, character- 
ized in that said voltage monitoring circuit (2-10) 
comprises: 



6. A battery unit comprising a plurality of cell parts 15 
(E1, E2) coupled in parallel, each having first and 
second terminals and a plurality of battery cells 
(E11-E31, E12-E32) which are coupled in series; a 
first power supplying terminal (9) coupled to the first 
terminal of each of said cell parts; and a second 20 
power supplying terminal (10) coupled to the sec- 
ond terminal of each of said cell parts, character- 
ized in that there are provided: 



first and second fuses (F11, F21, F31; F12, 
F22, F32) coupled in series and coupling termi- 
nals of corresponding battery cells among the 
cell parts; and 

a circuit outputting an active signal to corre- 
sponding ones of said switching elements 
when a voltage at a node between the f irst and 
second fuses falls outside the predetermined 
range. 



a plurality of switching elements (5-8, 7-1 , 8-1) 25 
making an electrical connection to the first ter- 
minal of a corresponding one of the cell parts 
and the first power supplying terminal, and dis- 
connecting the electrical connection in 
response to an active signal; and 30 
a voltage monitoring circuit (2, 2-1, 2-2, 2-3, 2- 
10) outputting the active signal to said switch- 
ing elements when a voltage of at least one 
battery cell within one cell part falls outside a 
predetermined range, independently with 35 
respect to each of the cell parts. 



10. The battery unit as claimed in any of claims 6 to 9, 
characterized in that said predetermined range is 
set based on a tolerable range of at least one of dis- 
charge and charging of the battery cells. 



7. The battery unit as claimed in claim 6, character- 
ized in that said voltage monitoring circuit (2) com- 
prises: 40 

a plurality of circuits (21-26, 31-36), provided 
with respect to each of the cell parts, each out- 
putting a signal which becomes active with 
respect to each of the battery cells when a volt- 45 
age of the battery cell within each of the cell 
parts falls outside the predetermined range; 
and 

a logical sum circuit (27-29, 37-39) obtaining a 
logical sum of the signals output from the plu- so 
rality of circuits with respect to corresponding 
battery cells and supplying the logical sum to 
corresponding ones of said switching ele- 
ments. 

55 

8. The battery unit as claimed in claim 6, character- 
ized in that said voltage monitoring circuit (2-10) 
comprises: 
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